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1

METHOD AND SYSTEM FOR CORRECTLY
IDENTIFYING SPECIFIC RFID TAGS

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a Continuation of application Ser. No. 14/188,312
filed Feb. 24, 2014, which in turn 1s a Continuation of
application Ser. No. 12/841,798 filed Jul. 22, 2010. The
disclosure of the prior applications is hereby incorporated by
reference herein 1n its entirety.

TECHNICAL FIELD

This 1nvention relates generally to systems for reading
radio frequency identification (RFID) tags, and more spe-
cifically, to a system that can identily a specific RFID tag on

a product in the vicinity of other RFID tags.

BACKGROUND

Storage and management of iventory is a critical func-
tion of many businesses, including the manufacturing, retail,
and shipping industries. For efliciency purposes, 1t 1s desir-
able to communicate product information to a centralized
inventory tracking system as the product i1s being removed
or placed on shelves, rather than requiring a separate entry
of product information at a central location after removal or
placement of the product.

One conventional method for communicating product
information to an iventory tracking system includes UPC
bar codes that are placed on the products and portable bar
code scanners that are carried by the workers manipulating
the product. Portable bar code scanners are typically
plugged 1n as an attachment to a portable electronic device
such as a mobile computer device. The scanners are used to
scan the codes of UPC labels or information on a variety of
different 1tems for the purpose of managing, storing, ship-
ping, or otherwise handling such items. Such scanners use
optical light signals that are passed over the UPC does to
read the codes. Generally, the scanners are pointed at the
UPC codes.

While UPC codes and scanners to read such codes pro-
vide a convenient system for capturing inventory informa-
tion, such a system has several drawbacks. First, UPC
scanners require a line-of sight to the UPC label or graphic
on a package 1n order to read the code. This may be diflicult
to achieve when lining up the scanner with the UPC code.
Additionally, UPC codes on products or packaging can be
damaged or marked up so that reading the code becomes
nearly impossible. Consequently, the use of radio frequency
identification (RFID) tags has increased, and RFID tags are
increasingly growing in popularity to replace the conven-
tional UPC barcode tracking system.

When used on products as an inventory label, RFID tags
can communicate data to an RFID reader somewhat similar
to a UPC code. An RFID tag includes a microchip with data,
an antenna, and sometimes a power source such as a battery
(e.g. active RFID tag). An RFID reader also has an antenna,
and the RFID reader’s antenna transmits electromagnetic
energy 1n the form of an RF beam or radio waves to the
vicinity of the RFID tags. Each RFID tag that 1s located
within the range of the RFID reader then energizes and sends
identification information back to the RFID reader via RF
radio signals. RFID tags, because they radiate their infor-
mation as radio signals, may be read without having a
line-of-sight arrangement between an RFID reader and a tag.
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While readers often focus their RF beam for efliciency, the
RFID read does not have to be specifically pointed at a

particular tag like a UPC reader does. In the inventory
example, the i1dentification imnformation from an RFID tag
may include an FElectronic Product Code (EPC), which 1s a
direct replacement for the UPC bar code. Thus, an RFID
reader can scan and detect all products carrying an RFID tag
within the range of the reader, and no manual scanning of
cach product 1s necessary.

Such non-directivity to the RFID scan, however, presents
another 1ssue. One drawback of current RFID reader systems
1s that several RFID tags will be read when they are within
the range of the RFID reader. The RFID read process 1s not
selective when a worker removes a specific product from a
shelf full of products carrying RFID tags, a reading on an
RFID reader will include the EPC or 1dentification informa-
tion of all the tagged products in the vicinity of the reader’s
RF beam, not just the selected product removed from the
shelf. If the specific RFID tag on the removed product
cannot be determined, then the RFID reader will not be able
to commumnicate meaningful information to a centralized
inventory system. Alternatively, when a worker 1s moving
around and scanning inventory in a particular area, multiple
reads may occur on multiple tags, even though information
from only a specific tag 1s desired. Consequently, it 1s
desirable to have a better control of the reading process and
selectively 1n correctly identitying an RFID tag on a specific
product or item.

SUMMARY

The 1nvention according to one embodiment includes a
system for identifying a specific RFID tag attached to an
item. The system includes RFID reader circuitry configured
for sending and receiving RF signals to detect RFID tags and
for obtaining signal parameter information associated with
the RFID tags. Signal parameter information 1s obtained
regarding the RF signals received by the antenna from one
or more of the plurality of tags. The signal parameter
information 1s used to calculate a tag score for the RFID tags
and to determine a specific RFID tag using the tag scores for
the tags.

In one embodiment, the reader circuitry or RFID reader 1s
operable for determining a received signal strength 1ndica-
tion (RSSI) value and an occurrence frequency value for
cach of the RFID tags. Using received signal strength
indication and occurrence Irequency values, tag scores are
calculated for the RFID tags with processing circuitry run-
ning an algorithm. The processing circuitry can be 1n a
separate device or with the reader circuitry. A difference
between the highest tag score of the RFID tags and the next
highest tag score 1s compared a first threshold value to
determine a specific RFID tag using the tag scores. The
RFID tag associated with the highest tag score 1s selected as
the specific RFID tag 1if the difference exceeds the first
threshold value.

The RSSI and occurrence frequency values are added and
averaged for the measured RFID tags to calculate a tag score
for each RFID tag. Also, before being added and averaged,
the RSSI values and occurrence frequency values might be
normalized in the process, such as by dividing the RSSI
value by the maximum detected RSSI value, and by dividing
cach occurrence Irequency value by the maximum occur-
rence frequency value detected. One or more of the RSSI
value and occurrence frequency values might also be
emphasized by multiplying the RSSI and occurrence fre-
quency values by a respective multiplier value.
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In one embodiment, if the diflerence does not exceed the
first threshold value, signal parameter information 1s again
extracted and another tag score 1s calculated for one or more
of the RFID tags. The diflerence 1s determined between the
highest another tag score and the next highest another tag
score and the difference 1s compared to the first threshold
value to determine a specific RFID tag using the tag scores.
If the difference between the tag scores again does not
exceed the first threshold value, the various tag scores for
cach RFID tag are averaged to determine an average score
for each RFID tag, and the diflerence between the highest
average score and the second highest average score 1is
determined and compared to a second threshold value. An
RFID tag associated with the highest average score 1is
selected as the specific RFID tag based upon 11 the difference
between the highest average score and the second highest
average score exceeds the second threshold value.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate an
embodiment of the invention and, together with a general
description of the invention given below, serve to explain the
principles of the invention.

FIG. 1 1s an 1llustration of a worker using an RFID reader
for determining an RFID tag of a specified package accord-
ing to one embodiment of the present invention.

FIG. 1A 1s a schematic diagram of an RFID reader device
in accordance with one embodiment of the invention.

FIG. 1B 1s a schematic diagram of a computer device for
use 1n one embodiment of the mvention.

FIG. 2 1s a perspective view of a package as 1n FIG. 1,
depicting an exemplary RFID tag and an identification label.

FIG. 3 1s a flowchart illustrating the operation of one
embodiment of the invention.

DETAILED DESCRIPTION

Referring to FIGS. 1-3, one embodiment of an RFID
reader system 10 for identifying a specific radio frequency
identification (RFID) tag 12 attached to an item 14 1s
illustrated. As shown 1n FIG. 1, a worker 16 or other user
managing the mventory of a business (e.g., filling orders,
restocking shelves, etc.), moves around an area where inven-
tory and associated RFID tags are located. While one
exemplary embodiment, as disclosed herein, might be useful
for managing inventory, it will be generally understood that
the invention has applicability 1n any environment where
RFID tags are used. Therefore, the mvention i1s not at all
limited to just inventory uses.

In the illustrated example, worker 16 may pick up a
specific item 14, such as a box, from a rack or shelf 18
holding a plurality of other boxes 20 or other items. As the
worker 16 moves the specific box 14 to a cart or some other
location, the worker 16 may record the identification infor-
mation of the specific box 14 for use by a central inventory
management system so as to record the disposition of the
items 14, 20, or otherwise track movement of the items so
that the inventory records remain accurate.

As 1llustrated i FIG. 1, worker 16 may carry a portable
clectronic device 22, such as a portable or mobile computer
device, that 1s configured to process information and to
communicate with a remote or central management system
23 (See FIG. 1A) and/or other workers. To that end, device
22 might imcorporate a Wi-Fi1 link to the remote or central
system 23. Once suitable such device 22 for use with the
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invention would be a Talkman® device available from
Vocollect, Inc. of Pittsburgh, Pa. The work environment, for
example, might be a speech-directed or speech-assisted
work environment wherein the worker 16 would interface
with a central system utilizing speech through speech rec-
ognition and text-to-speech (T'TS) functionalities. Device 22
might be coupled to a headset 28, such as by a cord 29 or a
suitable wireless link for the speech interaction. Also
coupled to device 22 1s a portable RFID reader 24 that 1s also
coupled to device 22 through a cord 25 or a wireless link.
RFID reader 24 may be carried or worn by the user as shown
in FIG. 1 and incorporates internal electronics and an
internal or external antenna, along with suitable controls for
providing the desired RFID reader functionality, according
to aspects of the mvention. FIG. 1 illustrates just one
possible embodiment of an RFID reader 24 that can imple-
ment the 1nvention.

FIGS. 1A and 1B illustrate components, including an
RFID reader and a computer device for implementing
embodiments of the invention. Referring to FIG. 1A, an
RFID reader 24 includes a housing 30 that contains suitable
processing circuitry 32 controlled by a microprocessor or
other processor element 34 for implementing the RFID read
functionality of the reader 24. In some embodiments of the
invention, the processor and processing circuitry might also
provide an RFID write functionality. However, the present
invention 1s directed primarily to the read functionality of
reader 24. The reader 24 also 1includes an antenna 36 that 1s
utilized to transmit and receive RF signals 38, with respect
to an RFID tag 40. While antenna 36 1s shown internal to the
housing 30 of RFID reader 24, the antenna might also be an
external antenna. The antenna 36 will generally be coupled
to a suitable transceiver circuit 31 that may be implemented
as part of the processing circuitry 30 of reader 24. The reader
24, and particularly the processing circuitry 32, may be
coupled to computer device 22, such as by cord 25. Alter-
natively, processing circuitry 32 might also provide a wire-
less link, such as a WPAN link through a WPAN 1nterface
277, for example, to communicate with computer device 22.
Device 22 might then further process and utilize the RFID
information obtained utilizing reader 24. In accordance with
one aspect of the present invention, the invention provides
a selectivity to the RFID read operation so that a desired
RFID tag and the information associated therewith may be
1solated from other RFID tags which are 1n the vicinity of the
desired tag and are also read during the RFID reading
process. In accordance with one aspect of the invention,
signal parameter information 1s extracted or obtained regard-
ing one or more RFID tags. The signal parameters informa-
tion 1s then used and further processed to determine a
specific RFID tag.

In one embodiment, the signal parameter information 1s
captured by the RFID reader and passed to computer device
22 for further processing. In other embodiments, the pro-
cessing to determine a specific RFID tag might be handled
by the processing circuitry of RFID reader 24, or elsewhere,
such as 1 computers or servers ol remote system 23.
Accordingly the invention 1s not limited to the embodiments
discussed and disclosed herein. Also, the processing and
implementation of the algorithm disclosed herein might be
handled 1n part by processing circuitry of various of the
reader 24, device 22 and remote system 23 and the algorithm
does not have to be implemented completely 1n one com-
ponent.

FIG. 1B 1s a block diagram of one exemplary embodiment
of a computer device for use 1n implementing the invention.
Specifically, device 22 includes processing circuitry 50
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which may include a processor element 52 for controlling
the operation of the computer device and other associated
processing circuitry. Such processors generally operate
according to an operating system, which 1s a software speech
implemented series of mnstructions. Processing circuitry 30
may also implement one or more application programs in
accordance with the imnvention. Processor 32 may be a main
processor chip coupled to a suitable companion processor
circuit. Processing circuitry 30 may also be coupled to
appropriate memory, such as flash memory 56 and random
access memory 48. The processor and companion compo-
nents 52, 54 may be coupled to the memory 56, 58, through
appropriate buses such as an address bus 60 and data bus 62.
When the present invention 1s utilized within a speech-based
or voice-based system, the headset 23 may interface with
device 22 through an appropriate audio coder/decoder chip
or CODEC 70. To provide communications with remote
system 23, such as over a wireless link, device 22 might also
incorporate a suitable RF communication card 66 coupled
through an appropriate slot 64 with the processing circuitry
50. As discussed herein, various of the processing provided
by the mnvention for the selection of a specific RFID tag from
among a plurality of tags might be handled through the
processing circuitry 50 of device 22, through processing
circuitry associated with the remote system 23, or directly
through the processing circuitry of the RFID reader 24, or a
combination of various of those elements. In one embodi-
ment of the invention, the RFID reader 1s configured for
sending and receiving RF signals for detecting RFID tags
and obtaining signal parameter information associated with
the RFID tags. Computer device 22 then runs the specific
processing algorithm for using the signal parameter infor-
mation regarding the RF signals received by the reader
device from one or more of the RFID tags, and for using the
signal parameter information to determine a specific RFID
tag as discussed further herein below.

Referring again to FIGS. 1 and 2, an 1tem or box 14 carries
an RFID tag 12 that contains an electronic product code
(EPC) 36 that may be read by reader 24. The EPC or other
identification information might also be written on a UPC
bar code label 13, along with the UPC code information 15.
While the example illustrated herein for explaining the
invention refers to a particular item or box 14 carrying an

RFID tag, 1t would be readily understood by a person of

ordinary skill 1in the art that the RFID tags might also be

utilized to provide information regarding a larger number of

individual 1tems, such as a case of items, a pallet of items,
or some other manageable mventory unit that has multiple
items, boxes, or packages therein. Furthermore, RFID tags
might be utilized to provide mmformation regarding a par-
ticular location of an 1tem, such as a warehouse aisle, shelf,
slot, or bin within a larger warehouse environment. Accord-
ingly, the present invention 1s not limited to the particular
type of mformation stored or use of an RFID tag.

The RFID reader 24 includes an antenna 36 that sends out,
or transmits, electromagnetic energy in the form of RF radio
waves or signals 38 to a surrounding area during the read
process. The RFID tag 12 receives this electromagnetic
energy and the circuitry of the tag 1s then energized to send
a reply RF or radio wave signal carrying or containing the
EPC information or other information stored on the tag back
to the RFID reader 24. The reply or return tag RF signal 39
1s recerved by the antenna 36 and directed to the processing
circuitry 32 for further processing of the tag information.
However, referring to FIG. 1, every other box 20 on a
storage rack 18 adjacent to the worker 16 also carries an
RFID tag 42 that receives the same electromagnetic energy
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38 and may send back a signal 39 with identification
information to the RFID reader 38. However, the other tags
42 may have information not associate with the 1item 14 that
1s handled by the worker 16. Thus, the signal of the specific
RFID tag 12 on the desired box or item 14 and the infor-
mation associated therewith must be reliably distinguished
from the multiple signals of the other RFID tags 42 on the
non-selected 1tems boxes 20 so that the correct EPC 36 and
product information can be recorded and processed by the
reader 24, portable electronic device 22, and ultimately by
the central inventory management system or other system.

To implement the invention to determine the correct RFID
tag 12, the RFID reader 24 includes circuitry, such as
processing circuitry 32 that 1s configured to extract or obtain
signal parameter information as discussed below, and to
operate, 1n one embodiment, 1n conjunction with device 22
to determine a specific RFID tag. For example, processing
circuitry 32 might incorporate or be implemented by an
RFID module from ThingMagic of Cambridge, Mass. To

extract, calculate or otherwise obtain signal parameter infor-
mation like RSSI values and “Times Read” values.
Specifically, the processing circuitry 32 1s configured to
extract mformation about RFID tags to be used by an
algorithm for determining the proper or “best” tag that is
read. A worker or user will pick up a box 14 with a tag 12,
and they will mmtiate a scan with RFID reader 24. The
algorithm 1s implemented 1n the invention within a certain
time period in order to determine the information from a box
or other tagged 1tem 1n the worker’s hand. If that information
1s determined promptly and properly, that information can be
utilized, such as to direct the worker on how to further
process the 1tem. For example, in one embodiment of the
invention, the mventive reader 24 might be implemented
with a TALKMAN® portable computer device 22, which
utilizes speech 1n a speech-directed or speech-assisted work
environment. Information from the tag might be utilized by
the TALKMAN® device 22, which then utilizes speech to
direct a worker 16 how to further proceed. For example, the
information that 1s read from the RFID tag might be an EPC
code, a product description, or some other information. That
information can be utilized by the worker to verify that the
RFID read task was correctly implemented. It the invention
does not determine 1information from the RFID read process
alter a certain period of time, it will return feedback infor-
mation to the worker that no tags were found, such as 1n the
form of an indication of “No Tags Founds”. If no tags are
found, the worker can either do a re-scan, or they can use

some other mode of entering the information, such as an
EPC code. For example, 1n utilizing a TALKMAN® device

22, the worker might use voice to enter the EPC code or
other information. Any re-scan process 1s repeated as
desired, and the algorithm of the mnvention will have a
specific period of time to correctly identily an item or
otherwise read information from an RFID tag.

In accordance with one embodiment of the invention, the
RFID read algorithm of the invention has a certain period of
time, for example three seconds, to figure out or determine
the proper RFID tag from which information 1s to be
extracted or read. This time period might be broken down
into a series of individual scans. For example, three 750
millisecond scans might be utilized. After the first scan, the
invention determines 1f 1t knows the desired tag or “best”
tag. I so, the tag information is returned as coming from the
best tag or desired tag, and that RFID information 1s then
turther processed. If not, another RFID read or scan 1s done.
After the second RFID scan, the invention again checks to
know 11 it has determined the “best” tag. If so, the desired
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information read from the RFID tag 1s returned. I the best
or desired tag still 1s not known, an additional scan might be
done. The process might be repeated until the mmvention
determines the best or desired tag. It 1t still cannot determine
the best tag after a particular time period, the algorithm exits,
and an indication such as “No Tags Found” might be
returned to the worker or other user.

The RFID reader 24 performs a certain number of read
cycles 1n a predetermined length of time, for example, the
750 milliseconds scan to obtain signal parameter informa-
tion from one or more RFID tags. For each RFID tag 12, 42
in the range or vicinity of the RFID reader 24, the reader
cvaluates the signal parameters associated with the signals
received from each of the tags. The RFID reader 24, and
particularly the processing circuitry 32 or RFID module of
the reader, detects and returns a “received signal strength
indication” (RSSI) parameter. The RSSI parameter value for
cach tag 1s a measurement of the power present 1n a received
radio signal from the tag. The reader 24 also returns an
“occurrence frequency” or “TIMES READ” parameter that
has a value indicative of the number of times the RFID tag
12, 42 has been read 1n the 750 milliseconds scan. These
received signal parameter values and parameter information
are used by processing circuitry and a control algorithm
described herein to determine the desired RFID tag. The
RSSI values and TIMES READ values or occurrence fre-
quency information are further processed to calculate a tag
score for each RFID tag 12, 42 detected according to the
invention.

In one embodiment of the invention, processing circuitry
in the computer device implements a control algorithm 100
to calculate the tag scores and to determine which of the
RFID tags 12, 42 detected by the RFID reader 24 1s the
specific RFID tag 12 (best tag) on the specific box or item
14 carried by the worker 16. The control algorithm 100 1s
schematically 1llustrated 1n the flow chart of FIG. 3 and waill
be described 1n further detail below. The RFID reader 24
captures the signal parameter information (e.g., RSSI and
“TIMES READ” parameters) and sends the information to
device 22 for further processing. In another embodiment, the
RFID reader processing circuitry 22 might perform the
algorithm 100. In still another embodiment, the information
might be forwarded to remote system 23 where the algo-
rithm 100 1s performed. In still another embodiment, such
turther processing of the information collected by reader 24
and the performance of the algorithm might be distributed
over the various system components/devices including the
RFID reader, computer device 22 and remote system 23. As
such, even though the exemplary system described herein
uses the device 22 for predominately processing algorithm
100, the invention 1s not limited to just that scenario.

As discussed further hereinbelow, the present invention
incorporates a multiple-step algorithm for determining the
desired tag or best tag during the reading process. 11 the best
tag 1s not determined 1n the first stage, a second stage or even
turther additional stages might be utilized in accordance
with aspects of the invention to determine the best tag.

Generally speaking, the control algorithm 100 will have a
total detection time period, such as 3 seconds for example,
to determine the identification information for the box 14
held by the worker 16. The processing circuitry implement-
ing the algorithm 1s pre-programmed to break up this total
detection time period into smaller segments or scans, for
example the 750 millisecond scans noted above. The detec-
tion time will be whatever might be appropnate for running,
individual scans and analyzing the results, and the invention
1s not limited to a particular detection time or scan time. A
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worker 16 may begin a scan by pressing an appropriate
button, or controlled element on the reader 24. The reader 24
might also be controlled via computer 22.

If a first individual scan of the RFID tags 12, 42 1n the
vicinity of the RFID reader 38 determines the specific RFID
tag 12, then the processing stops the algorithm at that time
and reports the 1dentification information to the worker 16
and/or the portable electronic device 22 or remote system
23. If the processing circuitry cannot determine the specific
RFID tag 12 from the first individual scan, more individual
scans are conducted until either the specific RFID tag 12 1s
determined or the detection time period finishes, or times
out. If the specific RFID tag 12 1s not determined within the
detection time period, then the processing circuitry of com-
puter device 22 reports that no specific tag was detected. The
worker 16 can then choose to run another scan over another
detection time period, or alternatively, manually or verbally
enter the EPC 36 from the specific box 14 into the portable
clectronic device 22.

Referring to FIG. 3, the control algorithm 100 for the
processing circuitry 32 begins with an individual scan at step
101. As described above, the individual scan consists of
sending out a signal 1n the form of a plurality of radio waves
38 from the antenna 40 of an RFID reader 38 and receiving
return radio wave signals 39 from all RFID tags 12, 42 in the
vicinity of the RFID reader output waves 38. Such scans
result 1n received information from the received RF signals
including signal parameter information. The processing cir-
cuitry, such as the processing circuitry of computer device
22, analyzes the readings and received signal parameters for
the tags from the RFID reader 38 at step 102 to determine
the RSSI signal parameter value for each RFID tag 12, 42.
The processing circuitry also simultaneously analyzes the
readings sent from the RFID reader 38 at step 103 to
determine the occurrence frequency or ““I'nmes Read™ signal
parameter value for each RFID tag 12, 42.

Next, the RSSI values are normalized by the processing
circuitry at step 104 such as by dividing the RSSI for each
RFID tag 12, 42 by the maximum RSSI value of all tags read
during that particular scan. Similarly, the Times Read values
are normalized by the processing circuitry at step 105 such
as by dividing the Times Read for each RFID tag 12, 42 by
the maximum Times Read value. Thus, a normalized value
between zero and one 1s calculated for the RSSI and Times
Read values of each RFID tag 12, 42 in accordance with one
embodiment of the invention.

The processing circuitry and algorithm may need to
emphasize one of the detected metrics over the other. For
example, 1t may be determined that the signal strength is
more indicative of the specified RFID tag 12 than the
occurrence frequency, or vice versa. Consequently, in one
embodiment, an RSSI multiplier and a Times Read multi-
plier are stored and used in the control algorithm 100. To
favor the RSSI metric, the RSSI multiplier will be greater
than the Times Read multiplier. In step 106, the normalized
RSSI values are multiplied by the RSSI multiplier to deter-
mine an RSSI score for each RFID tag 12, 42. Similarly 1n
step 107, the normalized Times Read values are multiplied
by the Times Read multiplier to determine a Times Read
score for each RFID tag 12, 42. To favor the Time Read
metric, that multiplier might be greater than the RSSI
multiplier. Preferably, the RSSI multiplier and the Times
Read multiplier will add up to a total value of 2, such that
the tag scores remain normalized (between zero and one)
when the RSSI score and the Times Read score are averaged
in step 108. However, this limitation on the multipliers and
tag scores 1s not absolutely necessary.




US 9,449,205 B2

9

Averaging the RSSI score and the Times Read score 1s
performed by adding those two score values for each RFID
tag 12, 42 and then dividing the sum by two. Therefore, the
processing circuitry and algorithm 100 determine a tag score
for each RFID tag 12, 42 at step 108.

At this stage of the control algorithm 100, the processing
circuitry determines which tag scores are the highest tag
score and the next highest or second highest tag score 1
there are multiple tags and multiple tag scores at 1ssue. At
step 109, the processing circuitry 32 determines the differ-
ence between the highest and next highest tag scores and
compares the difference between the highest tag score and
the next or second highest tag score to a stored first threshold
value stored used by the processing circuitry. I the differ-
ence between the tag scores 1s higher than the first threshold
value, the control algorithm 100 continues to step 110. At
step 110, the processing circuitry determines if more than
one RFID tag 12, 42 was detected. If more than one tag was
detected, then the RFID tag with the highest tag score is
selected and reported as the specific RFID tag 12. In step
111, reader 24 reports or causes device 22 to report that the
specified RFID tag 12 has been determined. In some
embodiments, the portable electronic device 22 may report
the EPC 36 or other identification mformation associated
with the specified RFID tag 12. For example, an audible
indicator might be used to indicate that a specific RFID tag
has been determined. An audible indication like voice from
the headset 28 might be used so that a worker 16 can verily
that the correct RFID tag 12 was determined. If the pro-
cessing circuitry and algorithm determine that the difference
between tag scores does not exceed the first threshold 1n step
109, or 11 1t determines than only one RFID tag was detected
in step 110, then the algorithm continues to step 112.

At step 112, the processing circuitry determines 1f the
individual scan just conducted in step 101 was the first scan.
If so, the control algorithm returns back to step 101 to run
another individual scan. Once a second set or another set of
tag scores 1s determined, the same process of comparing the
difference of the two highest tag scores to the first threshold
1s repeated at step 109. If this difference still does not exceed
the first threshold value, then the processing circuitry will
pass step 112 and continue to step 113. In step 113, an
average tag score for each RFID tag 12, 42 1s determined by
taking the simple average of all tag scores for each RFID tag
12, 42 from the previous individual scans. At step 114, the
processing circuitry and algorithm compares the highest
average score and the second highest average score to
determine if the diflerence between these average scores 1s
greater than a stored second threshold value stored used by
the processing circuitry. If the difference between the aver-
age scores exceeds the second threshold, the control algo-
rithm 100 continues to step 115. At step 115, the algorithm
determines 1f the highest average score 1s greater than a
predetermined minimum average score threshold. It so, then
the RFID tag with the highest tag score 1s the specified RFID
tag 12 at step 116, which reports the 1dentification informa-
tion, as previously described with respect to step 111. It the
processing circuitry determines that the difference between
the average scores does not exceed the second threshold
value 1n step 114, or 1f the processing circuitry determines
the highest average score was actually lower than the
predetermined minimum average score threshold 1n step
115, then algorithm continues to step 117.

At step 117, the algorithm determines if there 1s enough
time remaining in the detection time period for an additional
individual scan. If so, the processing circuitry returns to step
101 of the control algorithm for an additional individual
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scan and determination of whether the specified RFID tag 12
has been located using tag scores or average scores. I the
processing circuitry determines that there 1s not enough time
remaining for another individual scan at step 117, the
processing circuitry reports that no RFID tag was found at
step 118. Again, the worker 16 can then determine whether
another scan will be performed or whether the EPC 36 or
other identification information on the label 13 of the
specific box 14 will be entered manually or verbally. Con-
sequently, the specific RFID tag 12 on the specific item 14
carried by the worker 16 can be reliably determined and
recorded using the RFID reader 24 and the associated
control algorithm 100, regardless of how many other RFID
tags 42 are 1n the vicimity of the worker 16.

A pair of example cases 1s provided below to further
illustrate the operation of the control algorithm 100. In each
example, the following parameters are set: the detection time
period 1s 3 seconds; the individual scan time 1s 750 mualli-
seconds; the Times Read multiplier 1s 1.2; the RSSI multi-
plier 1s 0.8; the first threshold value 1s 0.45; the second
threshold Value 1s 0.2; and the minimum average score
threshold value 1s 0.8. Note that these parameters are con-
figurable to adapt the control algorithm 100 for maximum
cllectiveness depending on the work conditions and RFID
reader environment. For example, testing may be used
during development to determine the best values. These
values are then set in software.

Example A

In the first case, the first individual scan at step 101 of the
control algorithm 100 reports the following information: Tag
A was detected with an RSSI value of 100 and a Times Read
value of 20, while Tag B was detected with an RSSI value
of 80 and a Times Read value of 5. At step 104, the RSSI
values are normalized by dividing each RSSI value by the
maximum RSSI value, which 1s 100 1n this example. There-
fore, the normalized RSSI values are 1.0 and 0.8. At step
105, the Times Read values are also normalized by dividing
cach Times Read value by the maximum Times Read value,
which 1s 20 1n this case. Theretfore, the normalized Times
Read values are 1.0 and 0.25. These steps provide Tag A with
a normalized RSSI of 1.0 and a normalized Times Read of

1.0, and Tag B with a normalized RSSI of 0.8 and a
normalized Times Read of 0.25. At steps 106 and 107, the
normalized values are further emphasized by multiplying
them by the respective RSSI multiplier and Times Read

multiplier. This provides Tag A with an RSSI score of 0.8
and a Times Read score of 1.2, while Tag B has an RSSI
score of 0.64 and a Times Read score of 0.3. At step 108,
these scores (1.e. RSSI and Times Read) are averaged by
adding them together and dividing by two. This yields a tag
score for Tag A of 1.0 while the tag score for Tag B 1s 0.47.
At step 109, the processing circuitry 32 determines that the
difference between these two highest tag scores 1s 0.53. The
0.53 value exceeds the first threshold of 0.45 (Step 109).
Because more than one tag was detected (Step 110), Tag A
will be reported as the specific RFID tag at step 111 and the
control algorithm 100 ends.

Example B

In the second case, the first individual scan at step 101 of
the control algorithm 100 reports the following information:
Tag A was detected with an RSSI value of 100 and a Times
Read value of 20, while the next highest tag, Tag B, was
detected with an RSSI value of 80 and a Times Read value
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of 10. At step 104, the RSSI values are normalized by
dividing each RSSI value by the maximum RSSI value,
which 1s 100 1n this case. At step 105, the Times Read values
are normalized by dividing each Times Read value by the
maximum Times Read value, which 1s 20 1n this case. These
steps provide Tag A with a normalized RSSI of 1.0 and a
normalized Times Read of 1.0, and Tag B with a normalized
RSSI of 0.8 and a normalized Times Read of 0.5. At steps
106 and 107, the normalized values are emphasized by
multiplying them by the respective RSSI multiplier and
Times Read multiplier. This provides Tag A with an RSSI
score of 0.8 and a Times Read score of 1.2, while Tag B has
an RSSI score of 0.64 and a Times Read score of 0.6. At step
108, these scores are averaged to determine that the tag score
tor Tag A 1s 1.0 while the tag score for Tag B 15 0.62. At step
109, the processing circuitry 32 determines that the ditfer-
ence between these two highest tag scores 1s 0.38, which
does not exceed the first threshold of 0.45. Thus, the
processing circuitry 32 returns through step 112 back to step
101 to conduct another individual scan.

In the second individual scan, the following information
1s provided: Tag A was detected with an RSSI value of 100
and a Times Read value of 20, while Tag B was detected
with an RSSI value of 90 and a Times Read value of 12. At
step 104, the RSSI values are normalized by dividing each
RSSI value by the maximum RSSI value, which 1s 100 1n
this case. At step 105, the Times Read values are normalized
by dividing each Times Read value by the maximum Times
Read value, which 1s 20 1n this case. These steps provide Tag
A with a normalized RSSI of 1.0 and a normalized Times

Read of 1.0, and Tag B with a normalized RSSI of 0.9 and
a normalized Times Read of 0.6. At steps 106 and 107, the
normalized values are emphasized by multiplying them by
the respective RSSI multiplier and Times Read multiplier.
This provides Tag A with an RSSI score of 0.8 and a Times
Read score of 1.2, while Tag B has an RSSI score 01 0.72 and
a Times Read score of 0.72. At step 108, these scores are
averaged to determine that the tag score for Tag A 1s 1.0
while the tag score for Tag B 1s 0.72. At step 109, the
processing circuitry 32 determines that the difference
between these two highest tag scores 1s 0.28. This difference
again does not exceed the first threshold value of 0.45. Now
that two scans have been performed, the processing circuitry
32 moves to step 113 1n the control algorithm 100.

At step 113, the average score for each tag 1s calculated
as follows: Tag A had a first tag score of 1.0 and a second
tag score of 1.0, the average of which 1s also 1.0. Tag B has
a first tag score of 0.62 and a second tag score of 0.72, the
average of which 1s 0.67. At step 114, the highest average
score of Tag A (1.0) 1s compared to the second highest
average score ol Tag B (0.67). The difference between these
average scores 1s 0.33, which exceeds the second threshold
value of 0.2. As such, the processing circuitry 32 continues
to step 115, where the processing circuitry 32 determines
that the highest average score (1.0) does exceed the prede-
termined minimum average score threshold of 0.8. Thus,
Tag A will be reported as the specific RFID tag at step 116
and the control algorithm 100 ends. If the average score
determinations at step 114 and step 115 had been unsuc-
cessful, another individual scan would have been run 1n this
example because of remaining time.

If subsequent scans vield no tags, the reader 24 reports
that no tag 1s found (Step 118). Therefore, the present
invention provides a way of msuring that the desired RFID
tag 1s read, and that the desired information 1s extracted from
that tag for further use and processing of the tag information
and the item associated with that tag information. The
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various alternative scenarios set forth above and other
scenar1os help a worker or user make a proper RFID scan
and read, and creates greater efliciency 1n the RFID reader
process. Furthermore, the invention removes the guesswork
associated with trying to obtain the proper RFID read, and
also does not require that the RFID reader be specifically
focused 1n the direction of one particular item. The mnvention
filters any stray information from other RFID tags, and
insures that the proper information 1s utilized and processed.

While the present invention has been illustrated by the
description of the embodiment thereof, and while the
embodiment has been described 1in considerable detail, 1t 1s
not the intention of the applicant to restrict or in any way
limit the scope of the appended claims to such detail.
Additional advantages and modifications will readily appear
to those skilled in the art. For example, the average score
calculations and determinations may not be performed until
after a third individual scan 1n an alternative embodiment.
Theretfore, the invention 1n 1ts broader aspects 1s not limited
to the specific details representative apparatus and method,
and 1llustrative examples shown and described. Accordingly,
departures may be made from such details without departure
from the spirit or scope ol applicant’s general inventive
concept.

What 1s claimed 1s:

1. A method for identifying a
method comprising:

sending and receiving RF signals, using an RFID reader,

to detect RFID tags and obtain signal parameter infor-
mation associated with the RFID tags;

determining a received signal strength indication (RSSI)

value for each of the RFID tags;
determining an occurrence frequency value for each of the
RFID tags;

calculating a tag score for each of the RFID tags using
both the RSSI value and occurrence frequency value
for the respectwe RFID tags;

determining a difference between a highest tag score of

the calculated tag scores for the RFID tags and a next
highest tag score of the calculated tag scores for the
RFID tags; and

comparing the difference with a first threshold value; and

identitying the RFID tag having the highest tag score as

the specific RFID tag in response to the difference
being greater than the first threshold value.

2. The method of claim 1 further comprising selecting the
RFID tag associated with the highest tag score as the specific
RFID tag.

3. The method of claim 1 fturther comprising normalizing
the RSSI value and occurrence frequency value by dividing
the RSSI value by the maximum detected RSSI value, and
by dividing the occurrence frequency value by the maximum
detected occurrence frequency value.

4. The method of claim 1 further comprising assigning a
different weight to at least one signal parameter value of the
signal parameter information over another signal parameter
value 1n the calculation of the tag scores by multiplying the
at least one signal parameter value by a respective multiplier.

5 A system for identitying a specific RFID tag, the system
comprising:

RFID reader circuitry that sends and receives RFE signals
to detect RFID tags and that obtains signal parameter
information associated with the RFID tags;

wherein the signal parameter information includes a
received signal strength indication (RSSI) value and an
occurrence Ifrequency value for one or more of the

RFID tags;

specific RFID tag, the
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processing circuitry that uses the RSSI values and occur-
rence frequency values for the one or more RFID tags
and weights at least one signal parameter value of the
signal parameter information for the one or more tags
of the RFID tags to calculate tag scores for the one or
more of the RFID tags.
6. The system of claim 5 further comprising an RFID
reader containing the RFID reader circuitry and a computer
device containing the processing circuitry.
7. The system of claim 5 wherein the processing circuitry
averages the RSSI and occurrence frequency values for each
of the one or more RFID tags to calculate a tag score for each
of the one or more RFID tags.
8. The system of claim 5 wherein the processing circuitry
determines a difference between a highest tag score and a
next highest tag score for the one or more RFID tags and
compares the difference to a first threshold value to 1dentity
the specific RFID tag using the tag scores.
9. The system of claim 8 wherein the RFID reader
circuitry and the processing circuitry are contained in a
single device.
10. The system of claim 8 wherein when the difference
does not exceed the first threshold value, to again obtain
signal parameter information associated with the RFID tags
and to calculate another tag score for the one or more of the
RFID tags and to determine a difference between a highest
another tag score and a next highest another tag score and to
compare the difference between the highest another tag
score and the next highest another tag score to the first
threshold value to i1dentity the specific RFID tag using the
another tag scores.
11. The system of claim 10, wherein when the difference
between the another tag scores again does not exceed the
first threshold value, the processing circuitry:
averages the tag score and the another tag score for each
of the one or more RFID tags to determine an average
score for each of the one or more RFID tags;

determines a diflerence between the highest average score
and the second highest average score;

compares the difference between the highest average

score and the second highest average score to a second
threshold value; and

selects the RFID tag associated with the highest average

score as the specific RFID tag based upon if the
difference between the highest average score and the
second highest average score exceeds the second
threshold value.

12. The system of claim 11 wherein the processing
circuitry 1s further operable, 1f the difference between the
highest average score and the second highest average score
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exceeds the second threshold value, to determine if the

highest average score 1s greater than a minimum average

score threshold.

13. The system of claim 5 wherein the processing cir-
cuitry normalizes the RSSI values and occurrence frequency
values by dividing each RSSI value by a maximum detected
RSSI value, and normalizing the occurrence frequency val-
ues by dividing each occurrence frequency value by the
maximum detected occurrence frequency value.

14. The system of claim 5 wherein the at least one RSSI
value and occurrence frequency value 1s normalized before
emphasizing the value with a respective multiplier value.

15. A system for identifying a specific RFID tag, the
system comprising:

RFID reader circuitry that sends and receives RFE signals
to detect RFID tags and that obtains signal parameter
information associated with the RFID tags;
processing circuitry that uses the signal parameter infor-

mation for one or more tags of the RFID tags and
welghts at least one signal parameter value of the signal
parameter information for the one or more tags of the
RFID tags to calculate tag scores for the one or more
RFID tags, wherein the tag scores are used to identily
the specific RFID tag.

16. The system of claim 15 wherein the RFID reader
circuitry and the processing circuitry are contained 1n sepa-
rate devices.

17. The system of claim 15, wherein the RFID reader
circuitry obtains signal parameter values including a
received signal strength indication (RSSI) value and an
occurrence Irequency value for the one or more RFID tags
and the processor circuitry 1s operable for using RSSI values
and occurrence frequency values to calculate tag scores for
the one or more tags of the RFID tags.

18. The system of claim 17 wherein the processing
circuitry averages the RSSI and occurrence frequency values
for each of the one or more RFID tags to calculate a tag score
for each of the one or more RFID tags.

19. The system of claim 17 wherein the processing
circuitry normalizes the RSSI values and occurrence fre-
quency values by dividing the RSSI value by a maximum
detected RSSI value, and normalizing the occurrence fre-
quency value by dividing the occurrence frequency value by
the maximum detected occurrence frequency value.

20. The system of claim 135 wherein the processing
circuitry determines a diflerence between a highest tag score
and a next highest tag score for the one or more RFID tags
and compares the difference to a first threshold value to
identify the specific RFID tag using the tag scores.
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